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Abstract 
Modeling of thin-film silicon solar cell requires taking, the electronic structure and opto-electronic properties of the 
different amorphous layers into account. However, one of the programs which are convivial for this application is 
AMPS-1D. 
In this work, We have performed a Computer modeling of a-Si:H/a-SiGe:H tandem solar cells with p-i-
n/p-i-n configuration using AMPS 1D  
 Initially, we have investigated the influence of the window layer thickness doped p in the 
efficiency of the amorphous silicon solar cell used as a top cell; however we have analyzed this effect more 
particularly in the density of currents and quantum efficiency. Also, we have proved the interest of the choice of a-
SiC as window layer instead of a-Si material.   Secondly, we have modeled a-SiGe solar cell used as bottom cell in 
tandem configuration, we have also investigated the problem of the interface between materials constituting the solar 
cell, especially the interface a-SiC/a-SiGe. 
 By a suitable choice of the tunnel junction, we have successfully modelled the Tandem a-Si/a-
SiGe solar cell, and the simulation results demonstrate the performances boost of the cell comparing to single 
junction. The results obtained from simulation give a good agreement with experimental results. 
 
© 2010 Published by Elsevier Ltd. 
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1. Introduction: 
The thin film silicon technology is now already mastered and become one of the most promising branches 
in present photovoltaic industry. The actual aim of researchers is focusing to performing the efficiency of 
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silicon solar cells based on amorphous materials. An important design that must give a good performance 
is the Tandem cell a-Si/a-SiGe. Amorphous silicon germanium alloys a-SiGe:H have widely been used as 
narrow bandgap i-layers in multijunction a-Si based solar cell [1]. Compared to micromorph solar cell 
higher values of Voc can be obtained with thinner i-layer in a-Si/a-SiGe, because the high absorption 
coefficient of a-SiGe for visible light.  The light soaking effect was reduced from 30% for a-Si solar cell 
to 18% and 12% for respectively double and triple junction using a-Si1-xGex materials [2]. Unfortunately, 
a-Si/a-SiGe Tandem solar cell provides a low stability against light soaking compared to micromorph 
solar cell.  A world record stable cell efficiency of 10.6% was achieved previously by using hydrogenated 
amorphous silicon (a-Si:H) and silicon germanium (a-SiGe:H) alloys in double-junction structure [3]. 
Figure 1 show schematic view of the typical a-Si/a-SiGe tandem solar cell. In this paper, we report our 
progress in modeling and optimizing performance of a-Si:H/a-SiGe:H double-junction structures.  
 
 
Nomenclature 
 
AMPS 1D 1 Dimension Analysis of Microelectronic and Photonic System 
Voc    Open circuit voltage  
Jsc  Short circuit current 
DOS        Density of State 
Fig.1. schematic view of the typical a-Si/a-
SiGe tandem solar cell  
 A.A. Boussettine et al. /  Energy Procedia  18 ( 2012 )  693 – 700 695
2. Modeling of a-Si/a-SiGe tandem solar cell 
A. General conditions of simulation 
During our simulation under AMPS 1D [4], we have taken fixed conditions of illumination ƎOne Sun" 
with the standard AM1.5G and the ambient temperature of 300K. The model DOS (density of states) is 
used for the modelling of the amorphous materials which possess a strong density of defects such as the 
amorphous silicon and the microcrystalline silicon. We did not take into account the defects at the 
interfaces between various materials.  
B. Influence of the layer doped p in the performance of the top cell a-Si: 
o Influence of p-doped layer thickness: 
The layer doped p in the top cell represent a window layer for the intrinsic film, it must satisfy a 
compromise between low absorption of light and maximum internal potential at the interface p/i [5]. 
Figures 2 and 3 shown respectively the J-V and QE of the a-Si solar calculated with different 
thickness of the window. 
 
We remark the amelioration provided to the efficiency of the cell in the case of low thickness. 
However, for d contained between 6nm and 10nm, the Voc is slightly constant but the Jsc obtain an 
optimum value for d<8nm due to the less absorption of the material. This analyze is clearly 
represented in the figure of the quantum efficiency (Figure 3), however, the increase of the layer 
thickness provide a decrease in the quantum efficiency for a narrow wavelengths and consequently 
low value of Jsc. The value of 6nm represents a value limit to obtain a sufficient internal potential Vbi 
therefore we recommend a thickness d=8nm.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. J-V Characteristic of a-Si p-i-n solar cell with different thickness of the window 
doped p. 
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o Influence of p-doped layer type: 
In p-i-n solar cell, the window layer perform an important role, therefore its bandgap define the amount 
of light achieved the intrinsic layer. However, a wide bandgap material is recommended to reduce the 
losses due to the absorption. It might be thought that a-SiC would be equally useful as a wider band gap. 
The band gap of a-SiC can be adjusted between 1.7 and 2.2 eV, depending mainly on the C concentration 
[6] 
In figure 4 we compare two solar cells with window layer made respectively by a-Si and a-SiC. We 
remark the boost in the solar cell performance by changing the a-Si window layer to a-SiC. After light 
soaking, a-SiC material that has an appreciable band gap increase over a-Si is fairly defective and must be 
used in very thin layers; these layers do not absorb enough sunlight to be optimal. Another factor which 
must be taken in the account in the choice of these materials is the cost of manufacturing of the solar cell.    
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. QE of a-Si p-i-n solar cell with different thickness of the window doped p. 
Fig.4. Comparison between performance of p-i-n solar cells with a-Si 
and a-SiC window layer  
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C. Effect of the interface p/i in the performances of the a-SiGe bottom solar cell: 
Amorphous Si1-x Gex :H alloys can be prepared with optical bandgap adjustable from about 1.0 eV to 
1.8 eV (dependent  on x). This feature is utilized for the preparation of a-Si:H/a-SiGe:H tandem solar 
cells [7].  
 
The a-SiGe bottom cell is formed mainly by: 
x A film of a-SiC doped p used as a window for the i-layer with an optical bandgap EG=1.96eV  
x A layer of a-SiGe alloy doped i with an optical bandgap  EG=1.5eV (x|0.3) 
x Another layer of a-SiGe doped n with EG=1.34eV (x|0.3) 
One of the problems encountered  in the a-SiGe solar is the existence of band offset at the interface 
between the i-Layer and the doped layers, essentially with the a-SiC layer, these discontinuities block the 
collect of charge carriers.  
 
 In figure 5 we illustrate the band diagram of the interface p/i. where the band 
offsets eVEE vc 3.0|' ' . 
To obtain a p-layer that forms good interface with a-SiGe, we explored the use of a graded i-layer 
such as demonstrated in the figure 6. 
And the characteristic J-V of the a-SiGe under AM1.5G illumination is represented in Figure 7.  
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Band diagram of the interface p/i 
 
Fig.6. schematic view of the a-SiGe solar cell with graded i-layer  
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D. Modeling of a-Si/a-SiGe tandem tandem solar cell: 
The schematic structure of tandem cell a-Si/a-SiGe is represented in figure 1. However, the tunnel 
junction performs an important role in the transport of charge carrier between the components by 
tunnel/recombination effect. In our simulation we have used this diode made up microcrystalline material 
due to its slightly high mobility compared to the mobility of a-Si:H.  
 
 The figure 8 illustrates the quantum efficiency of the a-Si, as well as of the a-SiGe. 
The bottom cell presents the lower quantum efficiency with a density of current 
2/914.9 cmmAJ sc  in comparison with the top cell
2/880.13 cmmAJ sc  . This result 
demonstrates the concern of cell stacking and the photo-generation enhancement for the narrow band 
gaps photons. This is in good agreement with the experimental work of [8].  
 
We have made the interconnection between the top and the bottom cells. Figure 9 shows the band 
diagram of the tandem cell in thermodynamic equilibrium; we can notice the important role of the tunnel 
junction in the carriers transport between the components.   
 
 
 
 
 
 
 
 
 
 
 
Fig.8. Spectral response curves of the tandem a-Si/a-SiGe solar cell 
 
Fig.7. Illuminated J-V characteristic of a-SiGe solar cell 
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3.    Simulation Result  
The characteristic J-V of the double junction a-Si/a-SiGe under AM1.5G illumination is represented in 
Figure 10.  
The corresponding performances are: 
Jsc=9.594 mA/cm
2,
FF= 71.6%, 
Voc=1.230 V, 
K= 8.454%. 
Fig.9. Band diagram of the tandem solar cell a-Si/a-SiGe in the thermodynamic equilibrium 
 
Fig.10. Illuminated J-V characteristic of a-Si/a-SiGe Tandem solar 
cell 
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From these results, we can see in one hand the main cell stacking effect expressed by the boost in the 
VOC by summing the VOC of each component, and in the other hand the problem of current matching 
related to disagreement between the components and the resistive losses in the tunnel junction.   
4. Conclusion 
One-dimensional device modeling of tandem a-Si/a-SiGe solar cell using AMPS 1D has been 
investigated with taking into account the disorder in structure of the amorphous materials by an 
appropriate model. It has been found that the window layer properties affect considerably the 
performances of the solar cell; a window layer of 8nm thickness and made by the a-SiC exhibit more 
efficiency.  
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